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Fig S1. Characterizing SHINERS 4
Tests for pinholes TEM TEM can be used as a visual aid for large pinholes (Figure S1.1 ). If pinholes are small they may not be visible in TEM. Cyclic voltammetry and Raman spectroscopy are both very good experimental techniques to determine if any pinholes are present. 
Raman spectroscopy
Raman spectroscopy is used to check the silica shell for pinholes. SHINERS are absorbed onto the GC surface; pyridine is then dropped onto to the surface and left to adsorb. If pinholes are present 2 peaks will be visible in the Raman spectrum at 1010 and 1030 cm -1 ( Figure S1.3a. ). If no peaks are present pyridine has not adsorbed onto the Au surface, therefore there are no pinholes ( Figure S1.3b.) .
The enhancement factor of SHINERS is dependent on the shell thickness; Raman spectroscopy can be used to calculate this. SHINERS are deposited on an Au surface and pyridine is dropped on and left to adsorb. The greatest enhancement is observed for SHINERS with a shell thickness of 2-3 nm ( Figure   S1 .3c). If the shell is too thick the enhancement will be drastically reduced ( Figure S1 .3d.) 
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Refering to the Raman spectrum (3-aminopropyl)trimethoxysilane (APTMS) (Figure S1.4 and the tabulation of main bands (Table S1 ) no bands APTMS were detected on SHINERS particles or during SHINERS studies as discussed by Smith et al 5 Figure S1 .4 Raman spectrum of (3-aminopropyl)trimethoxysilane (APTMS).
Table S1
Peak positions and assignments of APTMS Raman bands. 
Peak Position (cm -1 ) Assignment
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Calculating the Enhancement factor (G) 6 The enhancement factor can vary slightly from surface to surface due to the roughness factor which has to be accounted for, but there is no plasmon coupling between the SHINS and the electrode surface Typical enhancement factors of up to 1.5 x 10 8 can be achieved for SHINERS on Au(111) surfaces 7 We achieved an enhancement factor of 2.9 x 10 5 on polycrystalline gold electrode. This was calculated with the above equation using the pyridine adsorption on gold with SHINERS from Figure S1 The electrolyte was purged with argon for 30 minutes in order to remove any trace gases (including oxygen) from the electrolyte. In situ SERS was then carried out to track the ORR without the presence of oxygen. No peaks around 400-500 cm -1 or 1100cm -1 were observed. This implied that these peaks only occur in the presence of oxygen. No potential dependent bands from the electrolyte were observed. 
Figure S6
Raman spectrums with peak fitting to demonstrate the shift in peak position of the metaloxygen bond vibration with changing electrode surface.
Table S2
Corresponding peak positions and FWHM of peak fitted bands of the shift in peak position of the metal-oxygen bond vibration with alternative electrode surfaces. 
